Blood Pressure and Heart Rate Variability in Taxi Drivers on Long Duty Schedules: Fumio KOBAYASHI, et al. School of Medicine-Objective-To clarify the mechanisms of excessive risk of cardiovascular disease among taxi drivers, the effects of taxi driving with long work hours on taxi drivers' blood pressure and heart rate variability were examined. Methods-We measured the physical activity level, ambulatory blood pressure, and Holter ECG in 34 healthy middleaged male taxi drivers over one work day and the two following non-work days. The subjects worked for a 24-h period starting at 07:00, then rested from work for 48 h. Ambulatory blood pressure was recorded automatically at 30-min intervals over the 72-h period. Holter ECG records were also kept for the 72 h, and temporal changes in the R-R interval were analyzed by the complex demodulation method (CDM). The amplitude of the high frequency (HF) components (central frequency 0.30 Hz), and the ratio of lowfrequency components (central frequency 0.09 Hz) to high-frequency components (L/H) was calculated. Results-Blood pressure during the work day was significantly higher than that during the non-work days, with a stronger effect in the hypertensive subjects. There were no significant overall differences in heart rate variability between the work day and the non-work days, but the temporal patterns of HF and L/H on the work day revealed a potent effect of reversed-phased
Various epidemiological studies have shown an excessive risk of cardiovascular disease among taxi drivers. Hattori 1) indicated that the relative risk of ischemic heart disease among Japanese taxi drivers was 2.83. Gustavsson 2) reported the relative risk of myocardial infarction to be 1.65 in urban taxi drivers, and 1.85 in rural taxi drivers in Sweden. Tüchsen 3) identified an increased risk of stroke among a group of professional drivers, with a standardized hospitalization ratio (SHR) of 130 for men and 148 for women. A group of taxi drivers also showed the same degree of increased risk of SHR in the study. Kurosawa 4) also reported that the prevalence of myocardial infarction and multi-vessel disease were higher in patients who were taxi driver patients than in those who were not. In addition, a significant number of taxi drivers are reported to die from working excessively long hours, known as Karoshi in Japan 5) , or are involved in serious traffic accidents caused by the sudden onset of cardiovascular diseases while driving 6) . Nevertheless, the mechanisms underlying the increased risk of cardiovascular disease among taxi drivers have not yet been fully investigated, whereas some reports indicated that traditional coronary risk factors [7] [8] [9] [10] [11] for cardiovascular disease were more determinative. Considering the physiological impact of the job itself, an increase in blood pressure caused by long hours driving a taxi together with various work related stressors [12] [13] [14] [15] might contribute substantially to the increased cardiovascular risk. Other neurophysiologic mechanisms 12, [16] [17] [18] including autonomic nervous system dysfunction might also chronically accelerate coronary atherosclerosis or occasionally result in fatal arrhythmia. In this study, we continuously measured blood pressure and autonomic nervous activity under ambulatory working condition without any observational intervention. To eliminate the confounding effects of aging, gender and ongoing medical treatment, only untreated middle aged male taxi drivers were recruited for the study. We then clarified the physiological effects of taxi driving by comparing both blood pressure and autonomic nervous activity on a typical work day with those on two consecutive days off. In addition, since cardiovascular reactivity is reported 19) to be higher in hypertensive subjects, we operationally divided subjects into two blood pressure groups, normotensives and hypertensives, based on their average blood pressure during waking hours on a workday, and examined whether the physiological responses while driving a taxi differed between the two groups.
Subjects and Methods
The subjects were 35 male taxi drivers with a mean age of 49.5 yr (range 40 to 56 yr) who had worked for at least one year under a shift work system with night duty for a single taxi company in Nagoya. Their health condition was ascertained by reference to health check records for the previous five years, conducted annually by the taxi company. None were recorded as suffering from any cardiovascular diseases, such as coronary heart disease, hypertension or arrhythmia, or as receiving any medical treatment. All subjects agreed to participate in the study after being fully informed of the protocol, and written informed consent was obtained from each subject. Standard working hours were from about 07:00 in the morning to 07:00 the following day, with possible naps after 01:00, followed by two consecutive non-work days. The subjects were not restricted in terms of their normal daily life activities for the purposes of the study, and were instructed to act as they usually would while working. Measures of physical activity level, ambulatory blood pressure, and Holter ECG were taken over one work day and the following two non-work days. A physical activity volume meter (Mini Motion Actigraph, AMI, USA), an ambulatory blood pressure recorder (TM-2421, A & D Co., Japan), and a Holter electrocardiogram (DMC-3253, NIHON KOHDEN, Japan) were attached to each subject, and measurement was started at the announcement of the exact time (via phone number 117), and continued for 72 h. The physical activity volume meter 20) was a serial acceleration recorder of wristwatch size. It was applied to the wrist and recorded the frequency of arm movements greater than 0.1 G at 30-s intervals. Sleeping hours and wake-up times were identified by means of this measurement. Mean activity for each hour was calculated, and these data were used as the parameters of physical activity volume. Ambulatory blood pressure was measured every 30 min. The waveforms obtained with the Holter electrocardiogram were checked visually to confirm heartbeat, and after arrhythmia and artifacts had been identified and excluded, the R-R interval was determined by means of an analyzer (DMC-4050, NIHON KOHDEN). The amplitude (msec) of the high-frequency (HF) component (central frequency, 0.30 Hz), and the ratio of the low-frequency component (central frequency, 0.09 Hz) to the high-frequency component (L/H) were calculated as changes in the R-R interval, and time-course changes were calculated by the complex demodulation method (CDM) 21, 22) . One subject of the 35 was excluded because of a frequent premature ventricular beat, which comprised over 1.0% of the total heartbeat in his Holter electro cardiographic recording. The remaining 34 subjects were then divided into two groups on the basis of average blood pressure while awake during the work day. Subjects with 140 mmHg or higher average systolic blood pressure (SBP), or those with 90 mmHg or higher diastolic blood pressure (DBP), were categorized as the hypertensive group, which consisted of 12 subjects. The remaining 22 subjects formed the second normotensive group. Statistical analyses were performed on a personal computer with the SAS program package Ver.6.12, and the critical value was set as the 5% level of significance.
Results
Data on age, years of driving, body mass index (BMI), weekly alcohol intake and smoker status for the two groups are shown in Table 1 . The only significant difference between the two groups occurred for BMI, with a significantly higher value for the hypertensive group. Changes in mean systolic blood pressure over the three days in the two groups are plotted in Fig. 1 . The temporal pattern of change in systolic and diastolic (not shown) blood pressure paralleled that for physical activity on the workday, maintaining a fairly steady level except for a dip during the night when taking a nap. Column A of Table 2 shows the average values of blood pressure by blood pressure group for each day of measurement. A two-way ANOVA of blood pressure in systolic and diastolic averages per day by group and day of measurement was performed and the F-scores are shown in Table 3 . The blood pressure group and day of measurement were both significant for both systolic and diastolic blood pressure, with higher values in the high blood pressure group. Systolic and diastolic blood pressure on the work day were significantly higher than on the two non-work days, both in the hypertensive and the normotensive groups. The interaction between blood pressure group and day of measurement was also significant for SBP, but only marginally so for DBP.
Column B in Table 2 shows mean values of blood pressure for each day after adjusting for physical activity volume as a covariate. After this adjustment, the differences between work day and non-work day in SBP and DBP disappeared in the normotensive group, but by contrast the differences in the hypertensive group increased. The temporal sequence of HF and L/H over the three days is shown in Figs. 2 and 3 . HF showed fluctuations corresponding to sleeping and waking rhythms, tending to be low while awake and high while sleeping. L/H also varied with sleeping and waking rhythms, tending to be high in the time zones corresponding to waking, and low while sleeping. But during the night of the work day, increases in HF amplitude and reductions in L/H were observed, whereas physical activity levels varied only slightly. Average HF and L/H for each day group are shown as blood pressure in Table 4 . A two-way ANOVA seen in Table 5 showed that HF in the hypertensive group was significantly lower and L/H higher than in the normotensive group (Figs. 2, 3 , Table  4 ). Differences in HF between the three measuring days were not significant ( Table 4 ). L/H showed no significant differences for the three days. The interaction between blood pressure group and day of measurement was not significant for either HF or L/H.
Discussion
Taxi drivers in this study worked for long hours and throughout the night but, their average work experience as a taxi driver was more than 13 yr, which meant they had had time to become well adapted to their work. Measurements taken over a full working day and night and two subsequent diurnal cycles showed that their blood pressure during the work day was significantly higher than that during the two following non-work days, with a heightened affect in hypertensive drivers, and that it remained high at night on the work day. This suggests that taxi drivers' long working hours may contribute to an increased cardiovascular risk by raising and maintaining the level of blood pressure. It is not clear, however, that a temporary rise in turn leads to established hypertension 23) . One report 24) associated obesity with a higher reactivity of ambulatory systolic blood pressure to physical activity, and the hypertensive group in this group. This suggests that the rise in blood pressure in the hypertensive drivers during the work day was not primarily due to increased physical activity, but to other work-related factors 25) .
Hypertensive drivers may be more adversely affected by work-related stressors 26, 27) , such as dealing with passengers, looking for potential customers on the roads, waiting at taxi stops for customers, traffic jams, rain, and highway driving.
Hayano, in a simulation study 21) , examined the reliability and validity of CDM, and demonstrated that CDM has sufficient frequency resolution to measure low frequency and high frequency amplitude separately, with a time resolution of less than 15 s, and that CDM is robust in relation to changes in the frequency of the components. There is good evidence that HF components are a reliable study had a significantly higher BMI than the normotensive group. Nevertheless, after adjusting for the physical activity level, the difference between work day and non-work day blood pressure increased in the hypertensive group, but disappeared in the normotensive index of vagus-mediated parasympathetic activity, but it remains controversial 28, 29) as to whether changes in L/H are a marker of predominant sympathetic activity. In our study the hypertensive group had a significantly lower HF and a significantly higher L/H than the normotensive group, which is in agreement with other reports [30] [31] [32] indicating that cardiac vagal tone and modulation decrease and cardiac sympathetic tone increases in essential hypertension. As shown in Figs. 2 and 3 , changes in HF and L/H in this study corresponded closely to changes in physical activity. But during the night of the work day, HF began to increase significantly toward midnight, before a decrease occurred in physical activity level and L/H began to decline while physical activity remained at the same level. These discrepancies between heart rate variability and physical activity, beginning at mid-evening and increasing to the early hours of the morning, suggest the potent influence of a reverse-phased circadian rhythm on the physiological functions of taxi drivers during night work. These circadian effects on HF and L/H might contribute to the moderate difference in the average level in the work and non-work day comparison. All the taxi drivers in this study were in generally good health. The division based on ambulatory blood pressure levels was only operationally determined because the upper limit of normality of ambulatory blood pressure has not been defined conclusively 33) , and even the subjects in the hypertensive group had no actual past or present history of hypertension recorded in their annual health check-up data. The study therefore shows the effect of long working hours on healthy workers, but whether similar physiological responses occur in taxi drivers who have cardiovascular disorders, or who are less experienced, remains to be determined.
Finally, as no control group was formed for this study, it is rather difficult to determine whether the results mentioned above represent characteristics unique to taxi drivers or simply reflect the more general situation of all those whose long workday stretches far into the night. This issue will be clarified by more detailed future analysis on, for instance, the relationship between individual job content unique to taxi driving and relevant physiological changes.
Conclusion
Long work hours significantly increased blood pressure both in normotensive and in hypertensive taxi drivers, and the effect was greater in hypertensive drivers. Part of the work day increase in blood pressure in the hypertensive group was due to factors other than physical activity. Although the work day levels of HF and L/H were not significantly different from non-work day levels, there were significant interactions between the reversephased circadian rhythms of autonomic nervous activity and night work.
